In the experiment with the SND detector at the VEPP-2000 e + e − collider the cross section for the process e + e − → ηπ + π − has been measured in the center-of-mass energy range from 1.22 to 2.00 GeV. Obtained results are in agreement with previous measurements and have better accuracy. The energy dependence of the e + e − → ηπ + π − cross section has been fitted with the vector-meson dominance model. From this fit the product of the branching fractions B(ρ(1450) → ηπ + π − )B(ρ(1450) → e + e − ) has been extracted and compared with the same products for ρ(1450) → ωπ 0 and ρ(1450) → π + π − decays. The obtained cross section data have been also used to test the conservation of vector current hypothesis.
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I. INTRODUCTION
The process e + e − → ηπ + π − contributes to the isovector part of the electromagnetic hadronic current. In the vector-meson dominance (VMD) model it is described by the diagram shown in Fig. 1 , where V are ρ(770), ρ(1450), and ρ(1700) resonances. In contrast to the main isovector modes e + e − → π + π − π 0 π 0 and π + π − π + π − the process e + e − → ηπ + π − is dominated by one intermediate state only, ηρ(770), and therefore important for determination of ρ(1450) and ρ(1700) resonance parameters. The process gives a sizable contribution, up to 5% at center-of-mass (c.m.) energy √ s = 1.5 GeV, to the total hadronic cross section, which is determined below 2 GeV as a sum of exclusive modes. Data on e + e − → ηπ + π − can be used to test the conservation of vector current (CVC) hypothesis, which predicts a relation between the e + e − → ηπ + π − cross section and the spectral function for the τ − → ηπ − π 0 ν τ decay. The e + e − → ηπ + π − process was earlier studied in several experiments [1] [2] [3] [4] [5] . The most precise measurements were performed at the VEPP-2M e + e − collider with the CMD-2 [3] and SND [5] detectors below 1.4 GeV, and at PEP-II B-factory with the BABAR detector [4] above 1.4 GeV using the initial state radiation technique. In the CMD-2 and BABAR measurements the η meson was reconstructed via its decay to π + π − π 0 , while SND used the η → γγ decay mode. This work continues the SND study of Ref. [5] in a wider energy region, up to 2 GeV, using data collected at the VEPP-2000 e + e − collider [6] .
II. EXPERIMENT
SND is a nonmagnetic detector consisting of a tracking system, aerogel threshold Cherenkov counters for kaon identification, an electromagnetic calorimeter, and a muon system. The tracking system based on a nine-layer drift chamber provides solid angle coverage of 94% of 4π and azimuthal and polar angle resolutions of 0.45
• and 0.8
• , respectively. The three-layer spherical electromagnetic calorimeter contains 1640 NaI(Tl) crystals with a total thickness of 13.4X 0 , where X 0 is the radiation length. A solid angle covered by the calorimeter is 90% of 4π. Its energy resolution for photons is σ Eγ /E γ = 4.2%/ 4 E γ (GeV), and the angular resolution about 1.5
• . The experiment was performed at the VEPP-2000 in 2011-2012. The c.m. energy range √ s = 1.05-2.00 GeV was scanned several times with a step of 25 MeV. The total integrated luminosity collected by SND in this energy range is about 35 pb −1 . The analysis was performed initially for 2011 and 2012 data separately. Since the cross sections measured in the two data sets are found to be consistent, data collected at close energies in 2011 and 2012 are combined in the analysis presented in this paper.
III. EVENT SELECTION
Preliminary selection of e + e − → ηπ + π − (η → γγ) event candidates is based on the following requirements:
• N c = 2, where N c is the number of charged particles originating from the interaction region. Each chargedparticle track must cross at least four drift-chamber layers and has r i < 0.3 cm and |Z i | < 10 cm, where r i is the distance between the track and the beam axis, and Z i is the z-coordinate of the track at its distance of the closest approach to the beam axis.
• N γ =2, where N γ is the number of reconstructed photons. The photon polar angle must be in the range 36
• 0.4 < E tot / √ s < 0.9 and E char / √ s < 0.65, where E tot is the total energy deposition in the calorimeter, and E char is the total energy deposition in the calorimeter from charged particles. These conditions suppress QED background.
For selected events we perform a geometrical fit to a common vertex and a two-constrained kinematic fit to the e + e − → π + π − γγ hypothesis, and then apply the following additional conditions:
• χ • χ 2 π + π − γγ < 60, where χ 2 π + π − γγ is χ 2 of the kinematic fit.
• 400 MeV ≤ m γγ ≤ 700 MeV, where m γγ is the two-photon invariant mass calculated using photon parameters after the kinematic fit.
IV. BACKGROUND SUBTRACTION
Main background sources for the process under study are the QED process e + e − → e + e − γγ, and multipion processes, e.g. e + e − → π + π − π 0 π 0 . Events of these processes are strongly suppressed by our selection criteria and do not have a peak at the η mass in the two-photon invariant mass spectrum.
The only source of peaking background, the process e + e − → ηK + K − , is suppressed by the condition on χ 2 π + π − γγ . Its contribution estimated using Monte Carlo (MC) simulation and the e + e − → ηK + K − cross section measured in Ref. [7] is found to be less than 0.15% and neglected.
To separate signal and background we fit to the two-photon invariant mass spectrum with a sum of signal and background distributions.The signal line shape is described by a double-Gaussian function, parameters of which are determined from a fit to the two-photon mass spectrum for simulated e + e − → ηπ + π − events. An example of such a fit at √ s = 1.5 GeV is shown in Fig. 2 . To take into account a possible difference between data and simulation in the η peak position and two-photon mass resolution, we introduce two additional parameters, the mass shift ∆M (m 1,2 = m The parameters ∆σ 2 and ∆M are determined from the fit to the spectrum for data events from the energy interval near the maximum of the e + e − → ηπ + π − cross section ( √ s = 1.45 − 1.60 GeV). The spectrum and fitted curve are shown in Fig. 3 . The nonpeaking background is described by a linear function. This assumption about the background shape was tested on simulated events of the dominant background process
The found values of correction parameters (∆M = −3.0 ± 0.9 MeV/c 2 and ∆σ 2 = −89 ± 33 MeV 2 /c 4 for the 2011 data set and ∆M = −1.5 ± 1.5 MeV/c 2 and ∆σ 2 = 104 ± 65 MeV 2 /c 4 for the 2012 data set) and the assumption of linear background are used in the fits to data spectra for individual energy points. The difference between the correction parameters for 2011 and 2012 is due to difference in angular resolutions for charged tracks which is not taken into account in simulation.
The numbers of fitted e + e − → ηπ + π − events for different energy points are listed in Table II . We do not observe any excess of signal events over background at energies below 1.22 GeV.
The data mass spectra in the three energy regions, 1.20-1.45 GeV, 1.45-1.60 GeV, and 1.60-2.00 GeV, are also fit with a quadratic background. The difference between the fits with the two background hypotheses is taken as an estimate of the systematic uncertainty due to the unknown background shape. It is found to be 6.7% below 1.45 GeV, 1.0% in the energy range 1.45-1.60 GeV, and 2.2% above.
V. INTERNAL STRUCTURE OF THE
The π + π − invariant mass (m ππ ) spectrum for e + e − → ηπ + π − data events from the energy range √ s =1.45-1.60 GeV is shown in Fig. 4 . The spectrum is obtained as a difference of the π + π − mass spectrum for events with 500 < m γγ < 600 MeV/c 2 and the spectrum for events from the sidebands (400 < m γγ < 470 MeV/c 2 and 630 < m γγ < 700 MeV/c
2 ) divided by a scale factor of 1.4. The solid histogram in Fig. 4 is the result of MC simulation. The e + e − → ηπ + π − event generator is based on formulas for the differential cross section from Ref. [8] and uses the model of the ηρ(770) intermediate state. The observed difference between data and MC spectra is too large to be explained by imperfect simulation of resolution effects, and may be a result of the contribution of other intermediate state, e.g. ηρ(1450), and its interference with the dominant ηρ(770) amplitude. A similar effect was observed, for example, in the J/ψ → 3π decay [9] , in which the Dalitz plot distribution deviates from the prediction for the ρπ intermediate state.
In Fig. 5 we compare the data and simulated cos θ η distributions, where θ η is the η-meson polar angle. In the ηρ model this distribution is expected to be 1 + cos 2 θ η . We see reasonable agreement between data and simulation in the angular distributions. 
VI. DETECTION EFFICIENCY
The detection efficiency for the process under study is determined using MC simulation in the ρ(770)η model. To estimate an influence of the deviation from this model observed in the previous section, we reweight simulation events according to the m ππ spectrum observed in data. The shift in the detection efficiency, about 1%, is taken as an estimate of the model uncertainty associated with the ρ(770)η assumption.
The simulation takes into account radiative corrections to the Born cross section calculated according to Ref. [10] . In particular, an extra photon emitted by initial particles is generated with the angular distribution modeled according to Ref. [11] . Such an approach requires knowledge of the energy dependence of the e + e − → ηπ + π − cross section. This dependence was taken initially from Ref. [4] . Then we repeat the simulation with the energy dependence measured in this work. The variation of the detection efficiency, less than 1.0% at √ s < 1.6 GeV and less than 4.2% at higher energies, is considered as an estimate of the model error. The total model uncertainty of the detection efficiency is 1.4% at √ s < 1.6 GeV and 4.3% at √ s > 1.6 GeV. Beam background overlapping with signal events can produce additional clusters in the calorimeter and tracks in the tracking system. To take into account this effect in MC simulation, beam-background events recorded during 
experiment with a special random trigger are merged with simulated events. The presence of beam-generated tracks and clusters in the calorimeter reduces detection efficiency, by about 10%. The energy dependence of the detection efficiency is shown in Fig. 6 . Nonmonotonic behavior of the efficiency as a function of energy is due to variations of experimental conditions (beam background, dead detector channels, etc.), which are taken into account in MC simulation.
The detection efficiency obtained using MC simulation is corrected to take into account a difference between data and simulation in detector response: ε = ε MC (1 − ∆). To determine ∆, events from the energy region √ s =1.45-1.60 GeV are used. We loosen a selection criterion, fit to m γγ spectrum, and study variation in the fitted number of e + e − → ηπ + π − events in data and simulation. The efficiency correction for the tested criterion is determined from the data-MC simulation double ratio ∆ = (N * /N ) data /(N * /N ) MC − 1, where N and N * are the fitted numbers of e + e − → ηπ + π − events selected with standard and loosened criteria. To study the effect of the condition N γ = 2, we perform a kinematic fit for events with more than two photons. From all possible two-photon combinations in an event we choose the combination with 400 MeV ≤ m γγ ≤ 700 MeV and minimum χ 2 π + π − γγ . From the fit to the m γγ spectrum for these events we determine (N * − N ), and calculate the efficiency correction. To determine correction for the condition N c = 2, we study events with N c = 3. In the kinematic fit, two tracks with minimal r i are used. For other selection criteria we shift the boundaries of the conditions, from 60 to 10000 for χ Table I . Listed are those conditions for which statistically significant deviations of the data-MC double ratios are observed. The two last rows in Table I represent corrections for the data-MC difference in the ratio of the charged-track reconstruction efficiency for pions and electrons [12] , and in the probability of photon conversion in the material before the drift chamber [13] .
The corrected values of the detection efficiency are listed in Table II . The statistical error on the detection efficiency is about 1%. So, the total uncertainty on the detection efficiency including the statistical error, the uncertainty in the efficiency correction, and the model uncertainty is 4.3% at √ s < 1.6 GeV and 6.0% at √ s > 1.6 GeV.
VII. LUMINOSITY MEASUREMENT
Integrated luminosity is determined using large-angle Bhabha scattering (e + e − → e + e − ) events selected with the following criteria:
• N c = 2 (see the N c definition in Sec. III);
• 50
• < θ 1,2 < 130 • , where θ 1,2 are the polar angles of the charged particles;
, where E 1 and E 2 are the energies of the charged particles measured in the calorimeter;
• |∆θ| < 20
• , |∆φ| < 5
• , where ∆θ and ∆φ are the polar and azimuthal acollinearity angles.
To calculate the detection efficiency and the cross section for the large-angle Bhabha scattering, the BHWIDE [14] event generator is used. The integrated luminosity measured for each energy point (L i ) is listed in Table II . The theoretical uncertainty on the cross section calculation is better than 0.5%. The systematic uncertainty on the detection efficiency is estimated to be 2%. 
VIII. RESULTS AND DISCUSSION
The Born cross section at the ith energy point is determined as:
where δ i is the radiative correction. Knowledge of the e + e − → ηπ + π − Born cross section at energies below √ s i is required to calculate δ i : The Born cross section for e + e − → ηπ + π − measured in this (SND@VEPP2000) and previous experiments (BABAR [4] and SND@VEPP2M [5] ). The solid curve is the result of the VMD fit with the ρ(770), ρ(1450) and ρ(1700) resonances. The dashed curve is the same fit without the ρ(1700) contribution.
where F (z, s) is a function describing the probability to emit extra photons with the total energy z √ s/2 [10] . Technically, the radiative corrections are calculated using the VMD model for the Born cross section described below. Parameters of the model are determined from a fit with Eq. (3) to the measured visible cross section N i /(ε i L i ). The obtained values of the radiative correction are listed in Table II . The model uncertainty on the radiative correction is estimated by variation of the model parameters within their errors and is found to be 0.6% below 1.45 GeV, 1.4% in the energy range 1.45-1.60 GeV, and 4.1% above 2.00 GeV.
The Born cross section for e + e − → ηπ + π − obtained using Eq. (1) is shown in Fig. 7 in comparison with the results of the most precise previous measurements by SND at VEPP-2M [5] and BABAR [4] . The numerical values are listed in Table II . The quoted errors on the cross section are statistical. The systematic uncertainty is 8.3% at √ s < 1.45 GeV, 5.0% at 1.45 < √ s < 1.60 GeV, and 7.8% at √ s > 1.60 GeV. It consists of the systematic uncertainty in background subtraction (Sec. IV), the uncertainty on the detection efficiency (Sec. VI), the model uncertainty on the radiative correction, and the error on the integrated luminosity (2%). It is seen that the data of all three experiments are in agreement.
The measured e + e − → ηπ + π − Born cross section is fitted using the VMD model with the three isovector states ρ(770), ρ(1450), and ρ(1700) decaying to ηρ(770) [8] :
where q is the 4-momentum of the π + π − system, and F (s) is the transition form factor for the vertex γ * → ηρ:
Here g V ρη and g V γ are the coupling constants for the transitions V → ρη and V → γ * , respectively. It is convenient to use notation g V ρη /g V γ = g V e iφ V . In the fit, the mass and width of the ρ(770) resonance are fixed at their nominal values [15] . The phase φ ρ(770) is set to 0. The coupling constants |g ρρη | and |g ργ | are calculated using data on the partial widths for the decays ρ(770) → e + e − and ηγ [15] :
For the ρ(1450) and ρ(1700) resonances, the masses and widths are also fixed at the nominal values [15] , but are allowed to be varied within their errors. The ratios g ρ(1450) and g ρ(1700) are free fit parameters. Since the coupling constants are not expected to have sizable imaginary parts, the fit is performed assuming that the phases φ ρ(1450) and φ ρ(1700) are equal to zero or π. The best value of χ 2 /ν = 37/31 (P (χ 2 ) ≈ 20%), where ν is the number of degrees of freedom, is obtained for the phase combination φ ρ(1450) = φ ρ(1700) = π. The fitted ratios of the coupling constants are g ρ(1450) = 0.48
g ρ(1700) = 0.02
The fit result is shown in Fig. 7 . The obtained value of g ρ(1700) deviates from zero by only 2σ. So, we cannot draw a definite conclusion that the ρ(1700) contribution is needed for data description. For comparison, we show in Fig. 7 the result of the fit with g ρ(1700) = 0. The χ 2 /ν value for this fit is 42.6/32 (P (χ 2 ) ≈ 10%). The value of g ρ(1450) is used to obtain the product of the branching fractions
where the second error is systematic. This result can be compared with the same products for other ρ(1450) decays: B(ρ(1450) → ωπ)B(ρ(1450) → e + e − ) = (5.3 ± 0.4) × 10 −6 [13] and B(ρ(1450) → π + π − )B(ρ(1450) → e + e − ) = (5.6 ± 1.8) × 10 −7 . The later product is calculated using the parameters of the VMD fit to the e + e − → π + π − cross section performed in Ref. [16] . We obtain the following ratios of the branching fractions
There are several theoretical predictions for these ratios, for example, 8. 
Performing numerical integration of the measured cross section, we obtain the branching fraction B(τ − → ηπ − π 0 ν τ ) = (0.156 ± 0.004 ± 0.010)%,
which is in agreement with the world average experimental value (0.139 ± 0.010)% [15] and with the CVC result (0.153 ± 0.018)% [20] obtained using earlier e + e − → ηπ + π − data.
IX. SUMMARY
In this paper the cross section for e + e − → ηπ + π − has been measured in the c.m. energy range from 1.22 to 2.00 GeV. Our data are in agreement with previous measurements and most precise in the energy region between 1.4 and 2.0 GeV.
We have studied internal structure of the ηπ + π − final state. It has been found that the ρ(770)η intermediate state is dominant, but does not fully describe the observed π + π − invariant mass spectrum. The measured cross section is well described by the VMD model with the ρ(770) and ρ(1450) resonances. Adding the ρ(1700) contribution improves the fit quality, but is not necessary at the current level of statistics. From the fit we have extracted the product of the branching fractions B(ρ(1450) → ηπ + π − )B(ρ(1450) → e + e − ) and compared it with the same products for ρ(1450) → ωπ 0 and ρ(1450) → π + π − decays. The branching fraction of τ − → ηπ − π 0 ν τ decay has been calculated from our cross-section data under the CVC hypothesis. The obtained B(τ − → ηπ − π 0 ν τ ) value is in agreement with the current experimental value and has comparable accuracy. The CVC hypothesis for the ηππ system works within the experimental accuracy of about 10%.
